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ABSTRACT

Final Report: An Integrated Framework to Access and Mine Distributed Heterogeneous Data Streams with 
Uncertainty

Report Title

In summary, this DOD agreement not only allowed us to perform a comprehensive study on data stream mining and its promising 
application on biomedical domains, but also foster and enrich the research experiences of the under-represented minority students at Xavier, 
and open opportunities for them in graduate schools or future careers in IT industries. Moreover, this support has motivated us to explore 
other important aspects of mining streaming data, such as anomaly or outlier detection, which is worth more years of further investigation as 
described in the PI’s proposal submitted to the “Fiscal Year 2015 Department of Defense Research and Education Program for Historically 
Black Colleges and Universities and Minority-Serving Institutions (HBCU/MI)”. Below are the key statistics achieved by our project.
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Summary of Project Objective 
From January 2012 to January 2015, Dr. Kun Zhang (the PI) at Xavier University of Louisiana 
and Dr. Philip Yu (the Co-PI) of the University of Illinois at Chicago received grant funding 
(W911NF-12-1-0066) from the US Army Research Office to develop “An Integrated Framework 
to Access and Mine Distributed Heterogeneous Data Streams”. 

The objective of the proposed research is twofold. First, from the scientific aspect, we aimed to 
develop a distributed, optimization-based, robust data stream mining framework to assist in the 
battlefield decision-making. By intelligently collecting and analyzing real-time, diversified and 
uncertain streaming data, multi-source heterogeneous information, as well as constraints as 
dictated by previous experience and strategic policies, the developed framework is expected to 
produce the winning strategies as the synthesis of dynamic information gathering and decision-
making optimized over a pre-specified loss function, with constraints imposed on interacting 
sub-components in each single step. Second, from the educational perspective, we intended to 
offer a vital opportunity to involve African-American students in modern computational research. 
Educational goals of initiating “data mining” and “mining data streams” classes at the 
undergraduate level, and recruiting, advising and training undergraduate researchers are also 
integral to the proposed project.  

Project Accomplishments 
In order to achieve this objective, the collaborative team conducted a very active research with 
53 peer-reviewed publications. More specifically, the PI’s work on this project includes: 

 The definition of a margin technique for dimension reduction with applications to 
hyperspectral imagery [1]. 

 The design of an importance sampling driven, dynamic feature group weighting 
framework (DFGW-IS) for classifying data streams of imbalanced distribution [2]. 

 The development of a novel one-class, semi-supervised algorithm to detect anomalies in 
streaming data [3]. 

 By extending the above techniques, the PI also  
o discovered miRNA-mRNA correlation-network modules in human prostate 

cancer and revealed the differences between primary and metastatic tumor 
subtypes [4];  

o developed an allelic log-intensity-ratio based normalization method for SNP-CGH 
arrays [5];  

o explored the sequence structures of human MicroRNA molecules and their 
implications [6];  

o inferred the expression variability of human transposable element-derived exons 
by linear model analysis of deep RNA sequencing data[7]; 

o constructed polymorphism-induced regulatory gene networks active in human 
lymphocyte cell lines by weighted linear mixed model analysis of multiple RNA-
Seq datasets[8]; 



o revealed the miRNA-mediated relationships between Cis-SNP genotypes and 
transcript intensities in lymphocyte cell lines [9]; 

o identified that somatic mutations favorable to patient survival are predominant in 
ovarian carcinomas [10]; 

o investigated the relationship between transposable elements and the duplication 
and intragenic domain expansion of human C2H2 Zinc finger genes [11].  

 
On the side of Co-PI, the representative work includes “GBC: Gradient Boosting Consensus 
Model for Heterogeneous Data” [12], “An Efficient Approach for Outlier Detection with 
Imperfect Data Labels” [13], “Uncertain One-Class Learning and Concept Summarization 
Learning on Uncertain Data Streams” [14], "Collective Prediction of Multiple Types of Links in 
Heterogeneous Information Networks" [15], and the other 38 studies [16-53]. 
 
From 2012 to 2015, funded by this agreement, 20 Xavier STEM undergraduate researchers 
were involved in the proposed project. 95% of those students were African Americans, and 25% 
of them were female. During this period, we had 11 undergraduates who graduated. Four of 
those graduates went to work in the IT industry, such as Microsoft and IBM; and two of them are 
attending graduate schools to pursue a Master or Ph.D in computer science or information 
system. Please refer to Appendix 1 for the details of the funded students. 
 
In addition, the PI also introduced two new courses into the curriculum. One is the data mining 
course with the target audience being junior and senior major students, and the other is an 
interdisciplinary course titled “CPSC2900 Introduction to Bioinformatics Programming”. 
Designed for students with minimal a priori programming experience, this freshman-level course 
aims to offering the fundamental bioinformatics programming skills necessary to exploit the 
abundance of biological data. Both courses have been fully developed and are offered in spring 
2015. Sample lectures and problem sets were also given to the STEM students in the summer 
research seminars with positive feedback. 

In summary, this DOD agreement not only allowed us to perform a comprehensive study on data 
stream mining and its promising application on biomedical domains, but also foster and enrich 
the research experiences of the under-represented minority students at Xavier, and open 
opportunities for them in graduate schools or future careers in IT industries. Moreover, this 
support has motivated us to explore other important aspects of mining streaming data, such as 
anomaly or outlier detection, which is worth more years of further investigation as described in 
the PI’s proposal submitted to the “Fiscal Year 2015 Department of Defense Research and 
Education Program for Historically Black Colleges and Universities and Minority-Serving 
Institutions (HBCU/MI)”. 
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